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Abstract 
Grain yield and yield stability of genotypes are of great importance in wheat genetics and breeding programs. Yield stability can be used to select 
promising and stable wheat genotypes across environments. It can also represent good adaptation ability of high-yielding genotypes across environments. 
This study was conducted in 7 environments in the Central Black Sea Region in 2008-2009 and 2009-2010 growing seasons. Twenty-three bread wheat 
cultivars and advanced lines were tested in a randomized complete block design with 4 replications. Data were recorded for grain yield, plant height, 
hectolitre weight, thousand kernel weight and SDS (sodium dodecyl sulphate) sedimentation volume. Parametric and nonparametric methods were used 
to determine the stable genotypes for grain yield. Mean grain yields of genotypes ranged from 5742  to 3262 kg ha-1. The highest mean values for 
thousand kernel weight, hectolitre weight and SDS sedimentation were obtained from Samsun/Bafra location in 2008-2009 with 46.4 g, Samsun/Bafra 
location in 2008-2009 with 81.2 kg, and Samsun/Karakoy location with 38.2 ml, respectively. While the genotypes G11 and G22 were most stable by all 
stability parameters except for the TOP statistic, the genotype G6 was the most stable by all stability parameters except for ASV statistic. The genotypes 
G6, G11 and G22 will be tested for release procedure and the genotypes with good yield potential and acceptable end-use quality will be used as elite 
genetic material for future breeding activities in the Central Black Sea Region. 
Key words: Bread wheat, yield stability, GxE interaction, hectoliter weight, SDS sedimentation. 
Introduction 
Wheat is one of the most important crops in the world because 
of its wide adaptation ability, nutritional value and wide use in 
many food products. It has an important role in daily energy 
intake, especially in rural areas of the world 1. Bread wheat is 
top ranked crop in production and human nutrition in Turkey. It 
is cultivated in a wide area in Turkey. The central Black Sea region 
is one of the important wheat areas in Turkey, with approximately 
9% of total wheat production. This region is characterized by 
high rainfall and heavy clay soil conditions. 
It is well-known that improving and growing high yielding 
wheats or genotypes with acceptable end-use quality are more 
difficult in the areas with high rainfall than the ones with low 
rainfall 2. Thus, wheat breeding programs have one of the crucial 
goals to combine high yield and acceptable end-use quality in a 
genotype in the areas with high rainfall. Agronomic and molecular 
studies on end-use quality of wheat have been conducted. For 
example, introgression of wheat D genome chromosomes 
improved end-use quality characteristics of triticale 3. Breeders 
use some criteria to select genotypes for the purposes of 
breeding. The SDS sedimentation volume is an easy and reliable 
test to determine the breadmaking quality of genotypes in early 
or advanced generations and does not require any complicated 
equipment 4. Additionally, SDS sedimentation volume test was 
used by Sayaslan et al. 5 to evaluate wet-milling quality of new 
waxy wheat genotypes. Hectolitre weight and thousand kernel 
weight are important agronomic traits to assess physical 
properties of wheat kernel and grain yield 6. 
Stability of traits is of substantial importance for wheat 
breeders. Breeders want to develop a cultivar which has good 
agronomic performance across the environments 7. Genotype x 
environment interaction (GEI) is a major concern to develop 
economically important genotypes with large planting area 8, 
especially in locations with highly unpredictable climatic 
conditions 9. Budak et al.10 reported that GEI effects were main 
changes in magnitude and were significant for most agronomic 
traits and end-use quality parameters. Promising genotypes must 
be tested for yield and agronomic traits in multi-environmental 
trials 11. Mut et al. 12 conducted a study to determine the stability 
of yield and agronomic traits of promising genotypes in the 
central of Black Sea Region. They were also tested for the stability 
of quality traits of certain bread wheat genotypes in the same 
region 13. 
Researchers use some statistical methods to determine the 
stable genotypes for yield or quality traits across environments. 
These methods may be classified in two main sections. One of 
them is parametric method, which is more commonly used and 
involves responses of genotype across environmental conditions, 
and the other is non-parametric method, which characterizes 
environments and phenotypes relative to biotic and abiotic 
factors 14, 15. Nonparametric stability analysis is based on ranks 
providing a viable alternative to existing parametric measures 
based on absolute data 16. There are a number of stability 
measurements, such as univariate and multivariate analyses, to 
investigate the stability and adaptability of genotypes. The most 
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commonly used ones are the joint regression including regression 
coefficient (b
i
) 17 and variance of deviations from regression 
(S2
di
)18. Non-parametric methods have some advantages over 
parametric stability analysis: i) reducing the bias imported by 
outliers; ii) assumptions are not necessary about the distribution 
of observed values; iii) user friendly and easy to interpret; and 
iv) adding or removing one or a few genotypes do not change the 
result dramatically 19. 
Besides the statistical methods, the practical decisions of 
breeders are also very important for selection. In many cases, 
researchers may use their practical decisions to select the 
promising genotypes in addition to statistical methods. Nine 
bread wheat genotypes used in this study were developed by using 
pedigree method in Black Sea Agricultural Research Institute 
and nine genotypes were selected from CIMMYT’s international 
nurseries. The objectives of this study were to evaluate the grain 
yield and some agronomic traits of those bread wheat genotypes 
in 7 environments in Turkey and to determine the yield stability 
of these genotypes. 
Materials and Methods 
Plant material and locations: The study was conducted across 
7 environments in the Central Black Sea Region of Turkey. The 
locations were Samsun/Center, Samsun/Karakoy, Samsun/Bafra 
in 2008-2009 growing season, and Samsun/Karakoy, Samsun/ 
Bafra, Amasya, and Tokat in 2009-2010 growing season. Twenty- 
three bread wheat cultivars/advanced lines were evaluated in the 
research. The genotypes from code G1 to G11, except local 
checks were developed by pedigree method by Black Sea 
Agricultural Research Institute and other genotypes were 
selected from CIMMYT’s (International Maize and Wheat 
Improvement Center) international nurseries (Table 1). The 
cultivars Tahirova2000 (G5), Osmaniyem (G10), Ozcan (G14), 
Sakin (G19) and Canik2003 (G23) were the local checks in the 
experiments. The experiments were conducted according to a 
randomized complete-block design with 4 replications in all 
locations under rainfed conditions. The experimental plots were 
planted with plot seeders and harvested with plot combine. The 
plots in experiments consisted of 6 rows and each row was 
consisted of 5 m long and 20 cm row spacing. Grain yield, plant 
height, thousand kernel weight, hectolitre weight and SDS 
sedimentation volume were recorded in this study. During this 
study, some agro-climatic characteristics of environments are 
given in Table 2. 
Statistical analysis and procedures: Combined analysis of 
variance on phenotypic data from trials in 7 environments was 
computed 20. The stability of genotypes were estimated by 
parametric and non-parametric statistics that were adopted from 
Finlay and Wilkinson 17,  Eberhart and Russell 18, Nassar and Huehn 16, 
Kang 21 and Fox et al. 22. 
Cultivar responses to environmental changes using a linear 
regression coefficient (b
i
) and the variance of the regression 
deviations (S2
di
) were assessed by the following formulas 
proposed by Finlay and Wilkinson 17 and Eberhart and Russell 18: 
                                                                                                     (1) 
where Xij is the grain yield of cultivar i in environment j, Xi. is 
the mean yield of genotype i  and X.j is the mean yield of the 
environment j, X.. is the grand mean and E is the number of 
environments. 
The cultivars were grouped by the size of their regression 
coefficients, less than, equal to, or more than 1, and by the size 
of the variance of the regression deviations. Those genotypes 
with regression coefficients >1 would be more adapted to 
favorable growing conditions, those with regression coefficients 
<1 would be adapted to unfavorable environmental conditions, 
and those with regression coefficients equal to one would have 
an average adaptation to all environments. 
Nassar and Huehn16 proposed four non-parametric stability 
statistics (Si(1), Si(2), Si(3) and Si(6)) that combine mean yield and 
stability. The Si(1) statistic measures the mean absolute rank 
differences of a genotype over environments. The Si(2
) gives the 
variance among the ranks over environments while the Si(3
) is the 
sum of square deviations in yield units of each classification 
relative to the mean classification. The Si(6
) is the sum of absolute 
deviations in yield units of each classification relative to the 
mean classification. Four parameters based on yield ranks of 
genotypes in each environment were derived as follows: 
For a two-way data set with “p” genotypes and “q” environments, 
we denoted rij as the rank of the i
th genotype in the jth environment, 
and r
i.
 as the mean rank across all environments for the ith 
genotype. The adjusted rank, r
ij
* , was determined on the basis of 
the adjusted values (x
ij
* = x
ij
 - x
i.
+x..), where x
i.
 is the mean 
performance of the ith genotype, x
ij
 is the performance of the ith 
genotype in the jth environment and x.. is the overall mean across 
environments. The ranks obtained from these adjusted values 
(x
ij
*) depend only on GE interaction and error effects. The 
genotype with the highest adjusted yield was given a rank of 1 
and that with the lowest adjusted yield was assigned a rank of 23. 
Theoretically, when Si(1
), Si(2
), Si(3
) and Si(6
) values are equal zero, 
maximum stability for a genotype could be pronounced. 
Rank-sum proposed by Kang 21 was another nonparametric 
stability procedure. This procedure includes both yield and 
Shukla’s 23 stability variance as selection criteria. The genotype 
with the highest yield was given a rank of 1 and a genotype with 
the lowest stability variance was assigned a rank of 1. 
Fox et al. 22 suggested non-parametric superiority measure 
for general adaptability. They used stratified ranking of the 
cultivars. Ranking was done at each location separately and the 
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number of sites at which the cultivar occurred in the top, middle, 
and bottom third of the ranks was computed. A genotype that 
occurred mostly in the top third was considered as a widely 
adapted cultivar. 
The ASV is the distance from the coordinate point to the origin 
in a two-dimensional scatter graph of the first principal axis 
scores (IPCA1) against the second principal axis scores (IPCA2) 
in the AMMI model 24. The genotypes with the lowest ASV values 
were considered as most stable. All analyses for stability 
statistics were performed using the SAS software version 6.12 
25. 
Results 
Grain yield and agronomic traits: The results of variance 
analysis are presented in Table 3. Effects of genotypes and 
environments were highly significant (P<0.01) for all traits. 
Effects of genotype x environment (GxE) interaction were also 
highly significant for the characters investigated in the study, 
except grain yield. The mean values of  7 environments (year x 
location) ranged from 5926  to 2356 kg ha-1 for grain yield, 46.4 
to 28.0 g for thousand kernel weight, 81.2 to 72.7 kg for 
hectolitre weight and 38.2  to 32.3 ml for SDS sedimentation 
volume (Table 5). The highest mean grain yield was obtained 
from Samsun/Bafra location with 5926 kg ha-1 in 2009-2010 
growing season, and Samsun/Karakoy location in the same 
growing season had the highest SDS sedimentation volume with 
38.2 ml as a quality criterion. Thousand kernel weight and 
hectolitre weight, used physical criteria of kernel in the study, 
had the lowest average value in Amasya and Tokat locations in 
2009-2010 crop season (Table 5). 
Genotypes G3, G5, G23 and G17 ranked as the four best 
yielding genotypes; followed by genotypes G2 and G20 (Table 
5). Genotypes G2, G3, G4, G6, G17 and G20 had higher grain 
yield (over 5000 kg ha-1) and acceptable SDS sedimentation 
volume (over 30 ml) across 7 environments. Combining high 
grain yield and acceptable end-use quality in a promising 
genotype is an important goal of breeding programs. The highest 
SDS sedimentation volume (over 40 ml) was obtained from 
genotypes G15, G22, G13 and G16. The grain yields of 
genotypes G13 and G22 were also higher than mean of the 
experiments with 4929  and 4848 kg ha-1, respectively. The 
genotype G22 (Borl95/Rabe) produced high quality seeds across 
the locations as judged by the advanced quality tests such as energy 
value, protein content, and gluten index (data not shown). It is 
well known information for wheat breeders that improving 
genotypes with acceptable or high quality traits in high rainfall 
locations is more difficult than low rainfall locations. The 
genotype G22 is promising wheat line to release as a cultivar 
with high end-use quality and an important germplasm for quality 
improvement in our wheat breeding program in the Central Black 
Sea region characterized by high rainfall. 
The mean of plant height changed from 87.8  to 106.7 cm 
across the locations, and averaged 96.3 cm. The mean thousand 
kernel weight and hectolitre weight of 7 environments were 37.1 
g and 76.9 kg, respectively (Table 5). The lowest thousand kernel 
weight and hectolitre weight were obtained from genotype G9 
(Origma/Oracle) because of severe damage of yellow rust. The 
genotype G11, sister line of G9, had resistance for severe yellow 
rust damage. The highest thousand kernel weight and hectolitre 
weight were observed in genotype G13 with 46.0 g and in 
genotype G15 with 79.8 kg, respectively (Table 5). 
Yield stability: Parametric and non-parametric stability measures 
are summarized in Table 6, and ranking of genotypes by stability 
parameters in Table 7. A widely adaptable genotype was defined 
as one with b
i
=1 and high stability as one with S2
di
= 0. In this 
Code Genotype/Pedigree Code Genotype/Pedigree 
G1 CANIK2003/EIKA G13 CROC_1/AE.SQUARROSA(205)//BORL95/3/2*MILAN 
G2 GUN91/MILAN G14 OZCAN (LC) 
G3 KATEA-1/MILAN G15 FILIN/3/TJB368.251/BUC//BUC/CHRC/4/MILAN 
G4 SULTAN95/ORACLE G16 MINO 
G5 TAHIROVA2000 (LC) G17 TUI/4/COOK/VEE//DOVE/SERI/3/GEN 
G6 SULTAN95/ORACLE G18 MILAN/6/KAUZ*2/4/CAR//KAL/BB/3/NAC/5/KAUZ 
G7 SULTAN95/ORACLE G19 SAKIN (LC) 
G8 SULTAN95/ORACLE G20 MILAN/6/KAUZ*2/4/CAR//KAL/BB/3/NAC/5/KAUZ 
G9 ORIGMA/ORACLE G21 ALTAR84/AE.SOUARROSA(224)//2*YACO/4/COOK/VEE//DOVE/SERI/3/GEN 
G10 OSMANIYEM (LC) G22 BORL95/RABE 
G11 ORIGMA/ORACLE G23 CANIK2003 (LC) 
G12 MILAN/DUCULA   
Table 1. Codes, pedigrees, and names of genotypes and advanced lines studied in the research. 
LC: Local check. 
Table 2. Agro-climatic characteristics of the testing environments. 
a Seed-bed; b Stem elongation. 
Fertilization 
(kg ha-1) 
Growing 
Season 
(From October to 
July)  
 
 
Environments N P2O5 
 
Altitude 
(m) 
 
Rainfall 
(mm) 
 
Latitude  
 
 
Longitude 
2008-2009 Samsun-Center  60a+60b - 7 750.6 41°23' N 36°50' E 
2008-2009 Samsun-Karaköy 60+60  60 a 40 748.7 41°38' N 36°21' E 
2008-2009 Samsun-Bafra 60+60 60 20 888.2 41°57' N 35°93' E 
2009-2010 Samsun-Karaköy 60+60 60 40 771.2 41°38' N 36°21' E 
2009-2010 Samsun-Bafra 60+60 60 20 816.5 41°57' N 35°93' E 
2009-2010 Amasya 40+60 60  449 562.5 40°58' N 35°65' E 
2009-2010 Tokat 60+60 60 623 495.8 40°33' N 36°44' E 
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study values for the regression coefficient (b
i
) 
ranged from 0.442 (G9) to 1.289 (G23) for grain 
yield. Genotype G6, G7, G10, G11, G14, G16, G17 
and G22 with b
i 
values equal to 1 were  most stable. 
The genotypes G7, G14 and G16, however, had below 
average performance for grain yield. The genotypes 
with regression coefficient (b
i
) higher than 1; G4, 
G5, G18 and G23 had high yield performance and 
were adapted to high potential environments unlike 
genotypes  G1, G9, G12 and G19 with b
i
<1 and low 
average yields were poorly adapted across 
environments. The genotypes G6, G8, G11, G17 and 
G22 had b
i 
values equal to 1, and deviation from 
regression values (S2
di
) as small as possible were 
the most stable genotypes for grain yield (Table 5). 
The test of significance of S
i
(1) and S
i
(2) were 
derived from Nassar and Huehn 16. For each 
genotype, Z
1 
and Z
2
 values based on the ranks of 
adjusted and summed data over genotypes to obtain 
Z values (Table 5); Z
1
 sum = 21.55 and Z
2
 sum = 
26.09. Since both of these statistics were less than 
the critical value X2
0.05
, df = 22 = 33.92, there were 
no significant differences in rank stability among 
the 23 genotypes grown in 7 environments. On 
inspecting the individual Z values, it was found that 
no genotypes were significantly unstable relative to 
others, because they showed small Z values, 
compared with the critical value X2
0.05
, 
df = 1
 = 3.84. 
 
Growing season 
 
Environments 
Grain yield 
(kg ha-1) 
Plant height 
(cm) 
Thousand kernel 
weight (g) 
Hectolitre 
weight 
(kg) 
SDS 
(ml) 
2008-2009 Samsun-Center 5875 100.3 40.4 76.4 33.4 
2008-2009 Samsun-Karaköy 4213 105.5 42.3 78.1 32.3 
2008-2009 Samsun-Bafra 5872 96.4 46.4 81.2 33.9 
2009-2010 Samsun-Karaköy 5346 99.0 34.7 75.3 38.2 
2009-2010 Samsun-Bafra 5926 98.0 38.6 79.1 32.8 
2009-2010 Amasya 2356 81.7 28.0 72.7 34.3 
2009-2010 Tokat 4023 93.8 29.7 75.4 36.4 
Mean 4802 96.3 37.1 76.9 34.5 
LSD (0.01) 192.15 0.91 0.63 0.31 0.79 
Table 4. Means for grain yield, plant height, thousand kernel weight, hectolitre weight and SDS 
of 23 wheat genotypes grown in 7 environments. 
 
Genotype code 
Grain yield 
(kg ha-1) 
Plant height 
(cm) 
Thousand 
kernel weight 
(g) 
Hectolitre 
weight 
(kg) 
SDS 
(ml) 
G1 3893 98.8 33.8 73.4 30.3 
G2 5154 96.3 34.7 79.5 34.8 
G3 5742 96.3 35.5 78.5 31.6 
G4 5044 99.8 36.7 78.5 38.5 
G5 5475 95.3 38.9 76.8 24.6 
G6 5006 102.0 37.6 79.3 37.3 
G7 4677 100.9 36.4 77.0 37.0 
G8 4818 102.6 36.6 77.5 36.1 
G9 3262 102.6 27.7 72.2 31.0 
G10 4801 89.4 42.3 78.4 31.1 
G11 4882 96.1 39.0 79.2 33.8 
G12 4757 91.0 41.2 76.5 36.0 
G13 4929 91.1 46.0 77.6 43.3 
G14 4487 89.7 28.8 73.4 28.8 
G15 4667 92.5 36.7 79.8 45.4 
G16 4407 92.1 34.6 77.2 41.4 
G17 5290 96.6 37.8 76.7 30.2 
G18 5082 94.0 41.4 78.8 37.4 
G19 3976 106.7 36.0 74.5 22.9 
G20 5103 93.6 42.4 78.8 37.4 
G21 4716 98.5 35.8 74.7 30.7 
G22 4848 87.8 37.2 74.7 45.0 
G23 5426 102.1 37.0 75.8 27.9 
Mean  4802 96.3 37.1 76.9 34.5 
LSD (0.01) 348.3 1.65 1.13 0.57 1.43 
Table 5. Means for grain yield, plant height, thousand kernel weight, 
hectolitre weight and SDS of 23 wheat genotypes tested across 
7 environments in the Central Black Sea Region of Turkey. 
**Significant at the 0.01 probability level. 
Table 3. Analysis of variance and variance components for grain yield, plant height, thousand 
kernel weight, hectolitre weight and SDS of 23 wheat genotypes grown 
in 7 environments. 
Mean squares Source of 
variation 
 
 
 Grain yield Plant height Thousand 
kernel weight 
Hectolitre 
weight 
 
SDS 
Block (Env) 21 5889059.7 29.1 21.3 10.6 97.6 
Genotype (G) 22 8348767.9** 714.8** 461.0** 134.3** 1017.7** 
Environment (E) 6 165494467.7** 5069.9** 4142.5** 731.7** 414.3** 
G X E 132 2585926.4 103.0** 18.4** 9.0** 31.6** 
Error 462 439814.0 9.9 4.7 1.2 7.4 
CV (%) 13.8 3.3 5.8 1.4 7.9 
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The S
i
(1) and S
i
(2) are two rank stability parameters16, the S
i
(1) 
measuring the mean absolute rank difference of a genotype over 
environments, with S
i
(1) = 0 for a genotype with maximum stability, 
as S
i
(2) indicates the variance between the ranks over 
environments, with zero variance being a signal of the highest 
stability. S
i
(1)and S
i
(2) of the genotypes revealed that genotypes 
G16, G11, G22, G2, G6, G21 and G18  had the lowest values. 
According to these parameters, hence, these 
genotypes were considered as the most stable 
genotypes, but genotypes G9, G19, G3, G10, G1 
and G12 had the highest S
i
(1) and S
i
(2) values; 
therefore, they were determined to be unstable 
(Tables 5, 6). 
According to two other nonparametric 
statistics (S
i
(3) and S
i
(6)), described by Nassar and 
Huehn 16, the genotypes G16, G6, G11, G7, and 
G22 had the lowest values, therefore, these 
genotypes can be described as the most stable 
genotypes (Table 5 and 6).  However, while the 
mean yields of G6, G11 and G22 were high, the 
mean yields of G7 and G16 were lower than grand 
mean. The genotypes G3, G5, G23 and G17 had 
the first four high mean yielding, but they were 
considered to be unstable genotypes according 
to the parameters S
i
(1), S
i
(2), S
i
(3) and S
i
(6) (Tables 4 
and 5). 
The genotypes with low rank-sum (RS) 21 are 
regarded as most favorable. This parameter 
revealed that genotypes G5, G2, G11, G4, G6 and 
G22 with lowest value for this stability statistic 
were stable genotypes. Additionally, these 
genotypes had higher grain yield than grand yield. 
According to the RS statistic, the undesirable 
genotypes were G9, G19, G1 and G14 (Tables 4 and 5). 
Superiority parameter of Fox et al. 22 comprises of gaining 
the percentage of environments in which each genotype ranked 
in the top, middle, and bottom third of trial entries. According 
to this statistic  22, a genotype usually found in the top third of 
entries across environments can be considered relatively well 
adapted and stable. Therefore, in this study, the genotypes G3, 
Genotype code Y bi (S2di) Si(1) Si(2) Si(3) Si(6) RS TOP ASV 
G1 22 2 19 19.5 19 13 5 21 19 19 
G2 5 3 7 4 4 11.5 13.5 2 8 3 
G3 1 3 17 21 21 23 23 9 2 17 
G4 8 3 9 11 11 17 16.5 5 11.5 11 
G5 2 3 4 9.5 9 10 21 1 2 5 
G6 10 1 6 5 6 11.5 15 5 5 10 
G7 17 1 12 9.5 10 4 3.5 15 19 9 
G8 14 1 13 12 12 6 9.5 14 11.5 12 
G9 23 3 23 22 23 3 2 23 19 23 
G10 9 1 22 19.5 20 22 20 16.5 5 22 
G11 12 1 2 2 2 2 3.5 3 14.5 4 
G12 15 3 15 18 16.5 19 16.5 18 11.5 15 
G13 11 3 18 17 18 20 18 16.5 11.5 18 
G14 19 1 20 13.5 14 15 6.5 20 19 20 
G15 18 3 16 16 16.5 8.5 9.5 19 19 16 
G16 20 1 3 1 1 1 1 13 23 7 
G17 4 1 14 15 15 14 13.5 9 8 8 
G18 6 3 11 6.5 7 7 12 9 8 14 
G19 21 3 21 23 22 16 11 22 19 21 
G20 7 3 10 8 8 18 19 9 5 13 
G21 16 3 1 6.5 5 8.5 8 12 14.5 1 
G22 13 1 5 3 3 5 6.5 5 19 2 
G23 3 3 8 13.5 13 21 22 9 2 6 
Table 7. Ranking of 23 genotypes after yield data from 7 environments 
were analyzed for GEI and stability using some parametric and 
nonparametric methods. 
AMMI Model  
 
           
IPCA1 IPCA2 ASVd 
G1 3893 0.910* 1192606.9 10.3 70.3 17.3 2.2 21 14 14 72 -27.47 7.19 43.1 
G2 5154 0.867** 232661.5 7.1 34.9 17.1 3.2 6 43 43 14 -1.04 7.94 8.1 
G3 5742 0.873** 790848.6 10.4 75.2 17.1 3.3 9 72 14 14 18.13 -15.65 32.1 
G4 5044 1.114** 302721.2 8.0 43.7 22.5 3.4 8 29 29 42 5.4 14.68 16.9 
G5 5475 1.202** 172746.7 7.9 41.8 16.2 4.3 4 72 28 0 -7.45 2.01 11.7 
G6 5006 1.081 227263.9 7.2 36.8 10.9 1.6 8 58 14 28 -5.73 -14.11 16.7 
G7 4677 0.992 358323.5 7.9 41.9 11.4 2.1 13 14 43 43 0.21 16.16 16.2 
G8 4818 1.030 378190.0 8.3 47.9 13.7 2.5 12 29 43 28 -6.25 16.45 19.1 
G9 3262 0.442** 2712244.3 10.9 89.6 50.6 7.4 23 14 0 86 -35.61 -43.39 70.1 
G10 4801 1.028 1537417.6 10.3 71.6 35.5 4.2 15 58 14 28 31.19 -14.05 50.2 
G11 4882 1.003 112169.2 6.2 26.1 9.3 2.1 7 28 58 14 -5.44 -3.68 9.2 
G12 4757 0.836** 667961.4 9.1 57.6 26.0 3.4 16 29 29 42 17.07 -15.46 30.6 
G13 4929 0.665** 822026.2 9.0 61.5 27.8 3.5 15 29 29 42 19.71 -14.51 33.7 
G14 4487 1.016 1397204.5 8.6 50.0 19.5 2.3 20 14 29 57 -28.8 -7.98 45.2 
G15 4667 1.119** 681412.2 8.9 57.6 16.0 2.5 17 14 57 28 19.81 2.46 30.7 
G16 4407 1.068 156484.1 5.8 23.3 4.0 1.1 11 0 43 57 7.09 -5.14 12.1 
G17 5290 1.035 460779.5 8.7 52.5 18.3 3.2 9 43 43 14 7.85 3.14 12.5 
G18 5082 1.203** 353889.2 7.4 40.9 15.9 2.8 9 43 43 14 15.92 -0.25 24.6 
G19 3976 0.802** 1458972.0 11.0 84.8 21.5 2.6 22 14 14 72 -31.56 8.62 49.5 
G20 5103 1.153** 340976.5 7.7 41.6 23.4 3.9 9 58 28 14 11.7 7.33 19.5 
G21 4716 1.259** 86701.0 7.4 36.6 16.0 2.4 10 28 28 72 -0.88 3.63 3.9 
G22 4848 1.004 213598.5 6.6 30.2 12.3 2.3 8 14 58 28 0.31 5.86 5.9 
G23 5426 1.289** 278655.9 8.6 49.2 33.1 4.8 9 72 14 14 -3.75 10.55 12.0 
Mean 4802 1.00             
Table 6. Mean values (Y) and some stability measures for grain yield, and test of nonparametric stability results for 
23 genotypes across 7 environments. 
Test statistics for S
i
(1) and S
i
(2) : Z
1
 sum = 21.55. Z
2
 sum = 26.09. E (S
i
(1)) = 7.65. E (S
i
(2))  = 44.00. Var (S
i
(1)) = 2.79.  Var (S
i
(2)) = 312.19.   X2 value for Z
1
. Z
2
e = 9.39. X2 value for sum Z
1
.  Z
2
e = 
35.17. 
a the Y is the general grain yield (kg ha-1) of each genotype all environments;  bRS is the rank - sum of Kang 21; c TOP. MID and LOW are the parameters of Fox et al. 22; dASV - AMMI stability value. 
eX2 Z
1
. Z
2 
: Chi-square for Z
1
(1). Z
2
(2); X2 Sum : chi-square for sum of Z
1
(1). Z
2
(2). 
GENOTYPE Ya bi (S2
di
) Si(1) Si(2) Si(3) Si(6) RSb TOPc MIDc LOWc 
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G5, G23, G6, G10 and G20 were stable according to TOP. 
Concerning to TOP and RS, G5 was the best genotype which had 
high TOP value and low RS value. In addition, this genotype was 
ranked the second highest in terms of grain yield.  The undesirable 
genotypes in this method were G16, G1, G7, G9, G14, G15, 
G19 and G22 (Tables 5 and 6). 
The ASV as suggested by Purchase et al. 24 was calculated for 
each genotype. Genotypes with lower ASV values are considered 
more stable than genotypes with higher ASV values. ASV ranked 
the genotypes, G21, G22, G2, G11, G5 and G23 as the six most 
stable genotypes and G9, G10, G19, G14, G1 and G13 as the six 
most unstable genotypes (Tables 5 and 6). The genotypes G2, 
G5, G11, G22 and G23 had higher grain yield than the mean 
grain yield value (Tables 5 and 6). Additionally, G5 and G23 had 
the second and third highest yield based on the mean grain yield. 
However, G3 which was highest for mean grain yield, ranked 
17th for the ASV value. 
Discussion 
Various selection approaches are applied to improve the yield 
and quality performance of genotypes across environments. 
Genotype-by-environment interactions (GEI) that result in a 
change in the rank of genotypes cause confusion in selection 
for broad adaptation 26. Genotypes with a minimal variance for 
yield across different environments are considered as stable. 
This idea of stability may be considered as a biological or static 
concept of stability 27. This concept of stability is not acceptable 
to most breeders and agronomists, who prefer genotypes with 
high mean yields and the potential to respond to agronomic inputs 
or better environmental conditions 28. The high yield performance 
of released varieties is one of the most important targets of 
breeders; therefore, they prefer a dynamic concept of stability 
27. However, Simmonds 29 reported that static stability may be 
more useful than dynamic stability in a wide range of situations. 
In stability analysis, various statistics should be applied to 
characterize the genotypes for responsiveness to environments 
as much as possible and to be sure of the GEI effects. 
In the present study nine stability parameters, covering a wide 
range of statistical approaches, were used so as to predict the 
genotypes. In this study, while the genotypes G11 and G22, which 
had 4882 and 4848 kg ha-1, respectively, were  most stable 
according to all stability parameters except for the TOP statistic, 
the genotype G6 was the most stable according to all stability 
parameters except for ASV statistic. These genotypes also had 
good quality traits within the pool of the studied genotypes (Table 
4). 
Flores et al. 30, Sabaghnia et al.31, Mohammadi and Amri 32 and 
Mut et al. 12, 33 pointed out that the TOP procedure was associated 
with mean yield and the dynamic concept of stability. In this study, 
G3, G5 and G23, which had the highest mean grain yield, were 
considered as the most stable genotypes according to TOP 
procedure 22. Moreover, the genotype G5 also was stable 
according to ASV and RS statistics. 
The 4 nonparametric statistics S
i
(1), S
i
(2), S
i
(3), S
i
(6) of Nassar and 
Huehn 16 relatively classify genotypes as stable or unstable in a 
similar manner. Sabaghnia et al. 31, Mohammadi and Amri 32  and 
Mut et al. 12, 13 described high rank correlations between S
i
(1), 
S
i
(2), S
i
(3), S
i
(6) in different crops. Environmental changes appeared 
to be of importance in determining performance, and 
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